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STRESSED FI ELD EFFECT TRANSI STOR AND METHODS FOR I TS
FABRI CATI ON TECHNI CAL FI ELD [ 0001] The present

WO pwsfodilen generally relates to stressed fi el dref/8mD7/020588
transi stors and to nethods for their fabrication, and
mSTREQHID FIELD ZFFHCT SRANSISTOB ANHMEAHODS FORJFH FABRICATION
germani um stressed field effect transistors and to
nmet hods for their fabrirgainierr FBAGKGROUND [ 0002] The
mejority of present day i ntegrated circuits (1Cs) are

oo 01 TGRSRy Sl ltpisel i i LR g rtods for e
fabrigation] @ndsmgre pantrediadst mlate§ to @inbkddddfsidicdn gemamisin stressed field effect transistors and
tom&Mg@ﬁg&g)&mqgmﬁlnply MOS transistors. A FET includes a
gate el ectrode as a control electrode and spaced apart
source and drain el ectrodes between which a current
can flow. A control vol BAGECBEENPed to the gate
el ectrode controls the flow of current through a
[0002h anTie| mdpeiyefeiestrh daySiatdfrared &ftdlts(il[(&b Bre @mgehdn@a @ .using a plurality of

mter%o%gegélj fi lg %f %? rﬂls&%rs ﬁ‘;ﬁTEE-Il—SO clél?eld kaYO fsle{)]l%(gn{ihc}/or tﬁlé]lg ieffclac{ t&ansistors

nscon rop orti onal
(MOSFETsher svmplp MOSyiraesssors érFﬁTnnqhhies 1 gagrelsrtepdors acchetrphelécirodplaed spaced

apar%me@m: dfel didtrdtds GeaRAPWhitt ¥ cuitbne@ih A5 A EARS volkaRE aﬂpﬁed to the gate
ortl onal to the transconductance tinmes the wd

e'ectfﬂde P HANHEI CyreD; thrateh B ghapisbbefvisrryiheysogree 4d efatslﬁ&fff?e?s

(gra WIl). FETs are usually fabricated on silicon
[0008)ubsThegtie sf an REM, wuafl{ w)e(thyyls:ttahdcmgumnbd (em)SisIprbgoet@nal to the mobility
of tHg rnll ﬁ)?&ﬁéahfépm tm']ﬂracﬁﬂsté)r%h QV"}‘HE l:lgllgﬂ calg')%{g (ﬁh&lbll@o& an MOﬁjtranSIStor is

tec oog |1 S an er orientations
Proppggpya| iottv téqnscHQﬂugglce ting t'f‘ﬁaf"‘é‘fhlolf)‘)‘e(fh?nf’?] dividedy bhthpl%lgfhﬁﬁélp channel
(ngWETFE’RFaETqual]Si BridaRd b ﬁﬁ(ﬁﬁ&@ﬁrak@y WQ}DD{IW)) T&@stﬁlo@ﬁﬁﬂi&f Rk VYBentation,

whxc:h is cgnvelliil(%ln n?ﬂr s1F tor;)? hsno}oo tngr thlS an nnl;]a?la ot{ler 0{1??8. nﬁ,a er{iéc]%lh(% of holes, the

be ap
manﬁE/'I?:atyryr in n‘@@d@mﬁ gEﬁﬂ?FEip eanche ngrewat lorapplying ycimpgessive longitudinal stress
to thQ%ﬁaHﬂe@ nnrcgrnﬁrgsmsé lgﬁglth(ﬂna‘i Elﬁsssdaﬁ b@ﬂ'@lleﬁqpﬁk rcl?ah@el QItFﬂm eggeddmg an

ends of the transistor channel rrP ,. see
expagilllégﬂlqledlﬁ s[%ms BE“(E’Q’P’EPB’F §1C\7 in tigsﬂlc'% s%)strafs at fginds (zfdlemt]a_nsmNr channel
(For $kdnippsee gmﬂmeutrwnD(\&e Geterscr. RSNl 4, Ipawlazogﬂeat @licod gdrihindn (SiGe)
crystglolgé taagFJate gﬁ% g%glgllt 3%1%' IF elat?ﬁ n&ks?@s 8fg %: élﬂco fi éj n% r&l ((::?nsequently the
PTESGSFfGé embadded $iGe Ca‘éderdﬁfat"?aéw b he ?lh@ngﬂamx hoh inferprcpmpresses the silicon in

the chﬂma lpkfgﬁ)n mmpgmﬁﬁasert)hechs.q&ek & RnowYort diBedalh@ BItR o Jnﬁ&b@cﬂe mobility
now t.or enb ?

of ot OB N oMb 1B A B 1 Y0 BBt rgole vi
emb¢dnedF9FEdf$errrnolne has yet achieved the increase in
nmobi lity potentially attainable with enbedded silicon

[oo0@E" mbrﬂﬂél [1piQ Qé]ratﬁctg gfodidgglﬁﬁd effdct irﬁsﬂ@x&iaﬁ@%érﬁm{c& majority carrier
fect transistor havin

Cha“ﬁ%j“B’P'.“tyy Ig é‘n‘dl“i"ér“ Eﬂ&ﬁ*fﬁ‘éff o R5Bige 2t yethoft for dapefFatipgp iy P-channg! field effect
transgi@s havirig| eghah@d hole wioblty a Fomtetn@tk, biber desilable Gatifen @pd&tharacterlstlcs of the
f r
pres nt bﬁﬁ&e\%«ﬂl blzc%lng fptﬁ%xrﬁgltom tﬂ%ﬂ@e@%@ldftg%}{ d&?r anﬁ ?H&ggea Ee%he% claims,
‘ake‘b‘ﬁ ﬁ‘?"éi’@t"é’?‘ ik the accesppapying dppvingedd the fyeeaing sehnigp!(field prdchapiground.
apparent fromthe subsequent detail ed description and
t he appended cl ai ns, t @rR&8FIUMMARY unction wth the
acconpanyi ng drawi ngs and the foregoi ng technical
i el
[000%] )g @%@%% 2?18 'tﬁrﬂ%cgg{hgltstgﬁfﬁhlﬁg Ierhﬁgxﬁ%e'éﬂ“ﬁn Xoﬁtgg%lr rﬁ%bﬁ% JE€9R88ed.  The
stresged rf}e]deq‘ffeﬁd@pqlqtqrfomgnsﬁﬁ pViliepa pubstrye with raeggelgsufapé |oﬂerlymg the silicon
subs@dtd. e£ gatd él&i‘rSde&Iv&ﬁesGl&@khﬁﬂStor&m& uéﬂnmh&ma%gﬁ@tle thédsflibbnRubstrate
undeg B%ihé zeeéleoc%cg({e] IQ\\e/flc’erst ts 1con% t Enel%mﬁ ée a aovll.ng gnlastt¥ 1c§<ness is ergbed(%d in the
channel region in the silicon substrate
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underlying the gate electrode. A first silicon
germani um regi on having a first thickness is enbedded
WO poosloeditd i con substrate and contacts the chanp€l/UsS2007/020588
region. A second silicon gernmaniumregion having a
silicepioubsiate orf edeidels de ghanae! dpeianh o sqoppd silicpns germaniupk r¢eiass hayjng a second
thlcl&éha@ﬁﬂeralﬁaﬁﬂe fhrdt @iokhdld€ana RpdsHSIpart REH 0B clhaﬁnealfe§1@n Rke deiedded in the
the silicon substrate. [0006] Methods are provided
S"'C?"osi"bsf"’é‘brl cating a stressed field effect transistor
havi ng enhanced majority carrier nmobility. The nethod
[mmﬁbnﬁﬁﬂwﬂsmﬁ@mﬂﬁﬂghaﬁﬁmhmeanﬂﬁﬁﬂHh@wﬂanONBSMDSWMgmammaimﬂoﬁw
f f .
camgrglmgﬁlgyls ’Tpégrgﬁhdggbfﬁnrsg foerﬁltnka gxﬂ&m SR ngjéii[t(?glg)gtra% co?&?#‘ggﬁa?& .o.f silicon
on adgyerqf wsﬂ@tortqqél splég;bs{ubsgpte s gat@ éﬁctroge sifqraed q)'ﬁr&w}gélé; layer of silicon. A
first Sxidblbeﬂ @1[1(:0@ @Erﬂi&ﬁlhdﬂ Aydr &)éﬁlfaxialfﬁy @dﬁbbddad(lhta |tﬂe¥1llaim@§dﬁdallglﬁd9vlm the gate

electﬁ e secand 1 "5 rﬁly ?opeaa cgrageng nllu(r:nolﬁyer 1ére 191{5]1:1]% 5‘@8‘}6 mio the sqlcon layer
and @pxie(i mnt&bmweeﬂmaw into the si I icon | ayer and spaced
apart fromthe gate el ectrode. BRI EF DESCRI PTI ON OF

THE DRAW NGS [ 008KiEr BRSCRIPFRAGE Ty BRAWRIGIM | |
herei nafter be described in conjunction with the

o0 B e RN 5 B P B i i
figurssc Wwhmeant like abitheyald dehasslike ale®sys, and waereiss section, a field

effect transistor in accordance with one enbodi ment of
[0005]he MGV?&BAnﬁﬂoau)[ 9195@1%135 Fnl cg'@s gectilo:r)i asﬁ’emﬁém& t&x%ls#oy in accordance with one

lustrate, In cross section, nethod steps the

emb?dﬂﬁﬁ"}‘tfﬁlﬁ“‘dﬁm@f a stressed field effect transistor in

accordance wi th enbodi nents of the invention; [0010]
fooo%jl GFi14g218 scﬁﬁﬁhﬁfﬂﬂy ilﬁﬁ}a{e}/m icdobsls&dtibm irRthod dfep€ foP e fa8M@GTidn@N a stressed
ﬁeldnﬁ cptr nsx%or accor alr'lce wnﬁ eml%talrmectgg ] enmv%ftog stressed field

Fec tra I'mcaccoraance "WtR™ urt her

enbodi nents of the i nvention; and [0011] FIGS. 19-22
[0019] | HE$ gﬁ-és’ schematicallygiBustrase; Q1S seﬁ@p,h@gxogﬁtmg@rﬂ@|fabrication of a stressed
field BRI kB AlbrMthcrdhde 05 QGhEemPRAMRL of th&h@n®hf A6t

transistor in accordance with a further enbodi nent of

he DETAI LED DES PTl ON
o} A R SRR Fo ol BBkt o i
effechiadnsister imavcbrdagcervath aifuntheseaibadlinient df kheriintverttibe | nvent i on or
the application and uses of the invention.
Furt hernore, there ispppailBbeRbERPTION be bound by any
expressed or inplied theory presented in the preceding
sunmmar

[001# 0| Pﬂm?oﬂlgw ?eéq F%qb]escdxg (E’rl?u IB?rFl E{elmfe)fbgi%])atﬁ éd lslnot mtended to limit the

invergioh entiet applghtloy and uses ST thainegition. (Futheo®se, there fisi no Imtengdorf tb B4 tgbund by any
expr&geti &F ‘mr_p(h&ﬁlﬂcct}rysﬁrgﬁamgd: I1':r-'t-l)e [gQIBdI @&hlt:?h q:‘@llil t)éc roendC Bl?é? rgﬁ'hmary or the
,_ I'n"accordance wth one enb nt 0
f°“°?”?'?€é"rﬁ*t”%ﬁ‘?“"ﬂl§’1’ 20 includes a silicon subst rate 22
having a gate insulator 23 forned at the substrate
[0013jur fAGEL scengadaly @Lsiraiey; BbeosLsbetdver fieldaSfedt ensgRdE @ET) 20, specnﬁcally a
P'Ch%r_lqﬁ ngﬁts(ﬂ;E’tToTp g c%ﬁaﬁlg v%ggggnte re% edérgleg)u esmtegt?osnlu ?-?3222'8 mc]uges a silicon
substeptrcP@rhp yingrfeateinsulgian 28 farmedat thsdebstrate ssﬁaar: | &wate elesireds 26 perlies the gate

msulﬁlﬁref”ﬂfe%blkt )éleblfbd@ﬂ@ides&hd lo€a@bh &ﬂf FRREBndns1 B8 )at &8 sn!lb?nrate surface and
into te in close proxi

t ilicon s
ondeT i S HRYT EIRPY Ak oY SR s 3(Ra e (0 25
embeddqgiimmthofiliqon abanglx gose progmitytoitirpdges tfyhedopastr Siafigel. 30debsr region
of pr%ﬂ;gﬁ?qr?gtu ifk 1t)I Jﬂ)%eds&ble GH %@&EJ ﬁltoelhtaglll(.%n suﬁ)&?aﬁe' £1 locatlon spaced

urther apart fromthe channel region. The
furth%rrﬂ?éra ggxa t@ c@gnnlele 80h STEeo‘»\loeeetbF@&q §1GF Iﬁ%ﬂnf c%{lectlvely lmpart a uniaxial
uni axi al conpressi ve stress on channel region 26 as
i ndi cated by arrows 32 that 2enhances the nobility of
majority carrier holes in the channel. The shall ow
enbedded silicon germani umregion positions the stress
i nduci ng
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material in close proximty to the channel region, but

because this SiGe region is undoped there are no
wa@eawsisa4ef f ects from boron dopant encroachi ngP€hES2007/020588

ext ensi ons and hence degradi ng device short channel
Comﬂéﬁs*ﬁ% FipRtrE chamy) gegiva @p @y Indipdird by @HO % 12 thay snhgeeesniip mabiity of majority

camEﬁ'@lte?u theSch@iné1€ Thd shRlowtmBeREd dilREn g‘&rﬁeﬁhﬁxﬁm regiort ﬂ%ﬁtl&@@h@@@ss inducing

t he i npu opi.n ace art
AR BT B P U AR QB b SERAEAY, » ANGPERre o o
adve'rsn'ptqucrstf;ondmmnr@pwe r:rw@schtn@ theogxrendidne aglohen@alefddizpndtvide shom channel
perfozi‘ﬁf\r{eéa X’flg%eég&ae%&ﬁ&p&hcgn %Lﬁmefsﬂlﬁlﬁl rg%onsi?%fﬁgt‘i\k\{r?{)grrug%g%g on the channel
fegl@xtaﬁmpér “bgoi’t‘%és Rerad tHen ﬁoxafhegb?npql,ﬁ]grthqs 9"0(5‘5 ﬁhaﬁ@f' @’é@a@ﬂ’érﬁ and the
impui%y wp*ﬂQ £eaRE tol ornt e so@&b Bﬂﬁ%ﬂd&ilralrgimﬁtﬁé tFaf€dr . amﬁesl)se Sﬁ\él@&wely grown

t.at {
epne 360 g 2B s B on gt Pl A0 el St su o
dibormne te themp@nrblarﬁwﬂadmmsages af iot Implaptationistepl ’ﬂ@rm yivg imguoty doping saves
a prb&Bkn@ rﬁeﬁt f)lf? Qtrﬁt pégéﬁll&eg asllng@ 1ﬁﬁ&iaﬁna%v£@§e tnh fhe E}}Ej &l g@ing. Ion

causmgt e relaxation of the Straln In : .
'mplsrtf@én ?fém"afH@Ge restoases the priverse affi@ okqepsietheirglaxptins 0&%%@@@5"!6 SiGe
regidn€ gR@ﬁStlod%gﬂladﬁﬁn ih R eABdiddd kdlor® raé‘gadaesamam&buap hihﬁﬁéaﬁienbééhleved by

.St I ai n induci
the e@beddeﬁraw "il ucm% 101S. Bg rﬁ’(ljs%‘rd%fmrl]g : tﬁ)e source %/nﬁl dram reaor}s the need for ion

rce a edl ons e nee
lmplﬁr@lng thwp Iregiony in glinihptedang ey ﬁt@mgsaosated Vith thqaqr@dddamwgmhes preserved. In

accoﬁfaﬁc@'vﬂh 3A§ %9196@%6?1?10%& hw&r#ﬁ@n Qﬂbﬁ&ﬂﬁﬁ of @ag'ﬁeﬁ%nlﬁ tl'leschannel of a PFET is
ce wth an enbodi nent of the

e“hai"‘f?ﬁ} th“leéﬂmb‘i‘eﬂéﬁﬁ%‘?fl |SP§}'°8f°‘°é"aP’P’f"§F% undppe ﬁ@ecrﬁ%?{h%’ﬁ'“wd in close
allgrﬁleHF\Eﬂﬁ th& ga& blacuoddarld byt deeie b sinedbpeal§ $i6€ Fegiodfthallis not relaxed by a
sour§e/ 11 fg}évé&dlé?lﬁaﬁorp ersXéxg;aii‘:%l #ﬁg%g?g% ?;ng‘ :gzgnnbaeﬁgr%bé Lmoanbeu(ﬂ( silicon
regrqﬂlelepévn Slllﬁorslpxeuord@fp'e@r SPBeor inetgq sobstrathsupportang thetSOF- e axed

by a source/drain ion inplantation. As expl ai ned nore
oo Imcbal qwschaﬁﬁzrau;@maafa lbemis@.son@dmbtno@stelpylhlswsdbhéaa&rbfastressed

| at
P- chflrwgltf%@ egf?j:bgztnﬁl‘sii)r 4'6 érhztg&o(sff ange wdt %ﬁémt% ent[o 6% w?ernﬁércg 1@15 steps in the
mandfguge didwiteffec krhngisiols laggstetl &heyn and s oS ing@sttof brayitymsiry@ohventional
stepss&'ﬁ%l 'b@ ﬂe%nédaﬁfehf ﬁgréupgr \Qif] be o&h&.@%ﬁ% Em{%[?@ﬂl?gﬁ‘d dng theelmgl known

ect t ransi st or I.n accordance wth an e
PrOCEfF details PWé?lf‘ﬁ"&ﬁPa“\?éi‘q ‘b‘ﬁ%a“?tcéﬁ’é‘ thahinglyges diange pumbenpf BF%qS as well as
N-cHahrel FETe f(NEXCIts), faltlﬂﬁl@i i ity Blusdhteve \wRbddienowly asidgls ﬂeld effect Gddsistor is
sho nnt’Fh eo%lger ?ra 1}3 % in tEa r%t%] \él?c%tlc nanlclué?’e s%% se&NI as welloas %stressed
errentlonecitb erern or w T be tted
transgsprs r el y Wi t hout pr OVI di ng the well knovvn process
details. PFET 40 can be part of an integrated circuit
[00151" at Asl lm&hmﬁesm ?, e G ricwibd b seksedPFETT & 1ﬁi§chﬂzinl:e vath an embodlmem of
| ustra

the mvrgrybnoa g?%ens Wit P]rr)vuq%NgFaEs-er%?cf)ndg%tgrlgq)a ef%ZeCEI stemlg?]nél}lcéctr tfbstfaée is preferably
a mtsh@mllmél'hlécootsm@rratt M/bmgn georn sbed shistradias juset digreiatt@ dncompass the

relatglblgl SM& §1h&ﬁlﬂ1at'exrm t%llﬁ&s%@§$ﬁ4erﬁ§onm 0|r 1n§§5tr%n§1t1{oﬁ§t§>§ﬁte 42 may be a
transi stors. 15] As illustrated in

PuIKSHE B ot Tt 1S4t o1 B R OL g EEARIAE e e sieon
44 oe pib@elilatiBNkye0 6 thitein ituay, eI duproredIgGi siiBonMatriar pafa\aB diPfderaly the silicon
wafe]c"ﬁ eﬁlgpa%&ﬁ er (1 ﬁ)&l?ﬂ;&& eTﬁe%hxcléEQ? ofstﬁ aa?&?ﬂ?h‘e‘&n%% on the type of integrated

strate I's a nonocr I ne
crciEISE {RIEHM dicAD tenr el il FGA nseiTs fme Thegllusg porton

50 ohgin @ﬂllﬂmﬂz@eraﬂl mmas«ﬁh Nhﬁ)eﬁr@ﬂuﬂtyldvlﬁhty PR 56 Ednib€ 8dped to the appropriate
conductldlﬁpfs tforr >9xan1§|e 18n mﬁ;uagtgttlornatsgallﬁ\i%ﬁ%cﬁ 158 étlogqg’i;l]g E{ glf?r{n&d tﬂ electrically

isolajggifidevidugirde viges frhe pee anpthen.s iy iaweld knoyi ttlrmnre ingnpriptoggsied that carsbe used to
formAhe S, S0 BFocdsifided! At BYdeeribbt Herel imle@dil. @f gefidrhil $18 thcrhdes @RhaBéWw trench
insulating layer 46 that, in turn, is supported by a
silicon carrier wafer 48, F3referablythe silicon
waf er has either a (100) or ( 110) orientation. The
t hi ckness of thin layer 44 depends on the type of
integrated circuit being inplenmented, and can be, for
exanpl e, about 50 120 nanorreters (nn) The illustrated

o o~ Y "
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conductivity, for exanple, by ion inplantation.
Shal | ow trench isolation (STI) 52 is forned to

web@stuilg@l | y i sol ate individual devices from BEEUS2007/020588
another. As is well known, there are many processes

that is Righed dimihtwriies eEfhe ssmicendpstarsebsia and ey it sHeseqyely dile witheag insulating

mateﬂﬂt T‘H@Sﬂ%db@%ﬂtaﬁtﬁ lit@ough the Q{mﬁthéss of| the (gif @ﬁ&ﬁ' layetstg-lunderlymg insulator

cI udes t.r encht hat etched i
6. alrrtioEnrs PR B hecOHATE Y, B R htee LY Pl eyds for xample by
chermubsanqmlt;ilayiarfzatlohmmm th an insulating material. The
STI preferably extends through the thickness of the
[001k I nTtélnle{h cp&lmtll é/sea 111 sQratUJ] %f Xllggcct)r zﬁtlzg \%Ih%ﬁ erﬂ'l%‘dt to?{h invention,
t he

renc e I nsu atlng materi a
by f@mrnga@ee i‘"é““ﬁ%!ééla‘l syrfe;sF émfrsrhfeuayefﬁ‘t @seainleter fhcap H%M‘E‘QP oxide, a
high RL0@E béhgthnt atelaaadr ma&fal, onthé QMD;)nd c[anomeﬁa mmessrmtfmaampne about 1-5

nm, glﬁlglgl}%sr r}% 1{;es wfxlp%eﬁuére thrt] q(eér (}r thénﬁler % )? u%s%latﬂlis ﬁmﬁ% ggteé fnéulators l%rmed of
multipfedaperatobthe Suhe at dispanak arpteri8e Ryfferahily gmonwlaay@rls #Hcon @mkide formed by

the thé?l%H lo@tﬁﬁ%n §f4§1]f€§rﬂaﬁﬁ44a A?Iie}nbtgv@lp éa?élngglatoﬁﬂmatgae fgtlrrﬁh €§: El'retnféal vapor

constant dielectric material, or the Iike, can
deposition CY D) oy opgpf dhea ar&nonsp&ehetg&ﬁ wo&depgﬁepjfuctiasdo% Prgssure chemical vapor
depo@thdiﬂ‘l((l),ﬂghD): elnstnalenhadcev cl@@scaapdr dé;equunr(EEct\m)c&eme like. Formation of the
noer, nd/.qr rs. for

gate u%sulnt ltaYeg I%tfe lllowe éﬁtt ge;{oﬂ[a ion of a layg O%ale e'?ectr({adt ?orminé magﬁzg .58 and a

capping @fyerrt?él bPlyfergbtt/ éle Bristkcaeds rforlamg meteeql tswe@neddaobwvwélmﬁ sitigpe deposited

by Cb/Y) b Renitki&S BRdbof b h hrﬁﬂh@éapﬁﬁgl ]?Qpﬁ sih&iﬁqﬁmddeddeposned by LPCVD to a
Al ternati Vel ga e i nsul can |

by

[thl%lﬁSéﬁ{ @Pg}n S\Qéxﬁtor gg&;‘/s{alhath sxl(l(@(n/@n lzerdeﬂ)ﬁlée 0ff)r TXH@ple by the reduction of
silany eMiHLAbridoieSiliodn nixHiderchrclal depoapmrforcée@qm byl thareRtidhlof dishldrasitane (SiH,Cl,)

RLesgure chemical vapor deposition (LPCVD), plasma
and rﬁ

anced chem cal vapor deposition (PECVD), or the

I i ke. Formation of the gate insulator layer is
[0017]y) | Mthbci,cop%esd)é 'ngnﬂg dper of gake qle&t\y@p fogflmgggtgtal 58 and capping layer
60 € foftfs b IzM€l Bledirodend2nig ilnmiart mancsa ARAWA 129EH in 1vg pktamecr arfd@tched using
convennana? GQQOIXH()% S};giaci thhelr(]ecgmgllu sI gl"(t)lﬁ pcc)llécr)ésglhpe dl?%)n&}zt)fe} a{t be etched for
exampfej b}kwesge etytlmabsmﬁa aioo PW#Damgmtsmear@amﬂngn I"!Iyle fanj bg plasma etched
usmgc*é bl—[ﬁo@F4rUrtSFJ cﬂ&mgﬁfp qhd stl(ﬁdva@s\’64lePgNglJc90d@ 63 EHdQlK:QQ&ﬁethlrface of thin

crystalline silicon
sicGIBEL 4 BT GRARP 1oV P T UGB o s T difplaver of sion
diox{dSkdnbp 3anth in ltdcksdst andGervenitd protele the @dge e thel efrogitetoride atf e base of gate

electﬁ%lggpinﬁ to sg%ratehge(ﬂes?&%l% snﬂ£0ﬁ gﬂaﬁh%grtg R)Sﬂe dgﬂﬁte& §I st@%ua'} steps. Gate

I nue
e'eC‘FO&S’/@deSFeSQﬁ'taé“eéteé@t P dhefFB 18 ﬁ@orftﬁatoéﬂ‘l“élhc‘ﬂ’éaﬁh‘& “"deflymg the gate
electt@ppi Nng | ayer 60 to forma gate electrode 62 as
illustrated in FIG 4. The two | ayers can be patterned
[001?][] d %tecr!? ?hctl)d Iijnsalcpogda%ch% r\]v\nl Ig'lt]el e?nlgacltlflglFT())fI the mveﬁ grcoaer es as 1ﬁiustrated in FIG.
et ch technr ques crys ine silcon Tayer
5 bypyhe torredtieniof cti&ppsa'éts( a#ptv@l sptpyrs ph aderwyalést €@ Hoif rgge elsitade G2 CI he sxde wall

spacQE arkBkrthddBn %&h@é’fécﬁ&fe)ﬁ s (Isfﬂiﬁg %‘E}et 6Qlde G/hlt fotntl&: rﬁz@éﬂtalb)@ such as a layer

r SF6 che
of SR B T 5@&0%‘?““5%t”g‘°‘éfa8§’f e 3 STAT s BHE RS about 518 nm
by LBQYD a;:@pttsftedtohtlo tthe sdanlaind® 0f dapprerlaydb0andthin hngerwidilicyn dioxide 66.
oxi dized to grow a thin layer of silicon dioxide 66.

[0013—{:6 ﬁlmoﬁbie%c,e{valﬁgac@rk I72 zﬁ%rn@h stllllg@at&alﬁ]ﬂ@e6 g}' a%ns&mptcﬁly etchmg layer
i ckness and serves to protect the ed

70 bytepctiveigh ding (RIER hb%@éea&?s sigayal S@‘F%ﬁtzrhé\’j’ég QGE'C‘S‘FF(% °‘t"6°“‘ 7-15 nmon
the sRlearzatt eledirh® G20 TeCdidg Skath katersecappihg 162N 60 dn0 STT )46 Sedta® abD@ch mask
and %@e?s@?‘hta?eq’,tchﬁl ind F%&QF thﬁtsﬁpo% lay%eTﬁelrgc%sgqu%tcﬁ%b lasma etching

ef1 nes a channel region 68 of the FET as a port Ti oh of

thin silicon | ayer 44 under| |ng the gate el ectrode.

[0018] The nethod in accordahce with one enbodi nent of

the invention continues as illustrated in FIG 5 by

the formati on of disposable side wall spacers on side

wal | s 64 of gate electrode 62. The side wall spacers

are forned on gate eIectrode 62 by dep03|t|ng a Iayer

s . —~
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by LPCVD, is deposited onto the renai nder of capping
| ayer 60 and thin layer of silicon dioxide 66. [0019]
wor@aposAal e side wall spacers 72 are forned asPCT/US2007/020588
illustrated in FIG 6 by anisotropically etching |ayer
using]ﬁBWz anggloahgmyigtryi te m depghcdf ialn)gt A(OanE)The fEppssefyreetphed inagdhat will become the
sourc%I | aHENah l’eg§ﬁ)§ﬁﬁerf§ld7e?feclﬂ Rkifter. and Ilaéegs&ﬂ@ess%lf QfgnéﬁQQH\E gazé elelétrode and in
n the sid gate el ectrode 6

m Q
closE RO T SRS GROns: QY TS HOIHE e R e g phich recesses
are nét istbndadbak bamakdd@od@g siepladda eidh®y e patrad layat o plidiveesBLRdt dh@rated).
of thin silicon layer 44. The recesses are etched by
a . . .
[0029]| es?eg Z%Arﬂﬁl#ﬁ vamg a:ﬁ@(h: ¥S Slg%g %fgeresg {HC ng t'n:é%rlafll\z()aeg 1]\%%&#9 in H‘G. 7.
The B’é?ﬁd‘?ﬁéuﬂwt@élf%@ aghppewfierprahic Byjfrighthas canths gropp e ge whicop layer with a

diffet&na;ats&esaoaﬁam tmethé ﬁ&ﬁ@ &ﬁ&arﬁbﬁsnﬁ%@h f Tl d,@emele #nQatfidd Ro@Rht&f the two
in cl .0 [ OX

. | ect
soehiEf P GG B e A BBFEY O 1 e TG cp iy for cxample
mongarys@ling sificon gevfargim rSe@esam o 1031 atbmit @erckeiand refdpably about 20-35

atonﬁ%&gﬁj QHH]M ﬁré?&abw tﬁesslf{@ss %%‘1 bTéteﬁal Q%%ﬁazggf%%\léﬂ%%rsel&ftwe growth

Hot or &1 St (not lustra
proc;sp {9 agfjickness ghagi sqjﬁ@@b@(ﬁllplgyéqessgﬁ Mgthodssfer ¢pieriadly AigWing these materials

on amﬁ&ﬁﬂlb@hn a7361e@ﬁe inhrnktSakd" @il RBbwnlAndheal nof be delPib&tHeRMS SiGe has a greater
lattlcte ﬁ%&stam tl% 1006r él\llﬁ cgn?a{)rr]%ssﬁvee lgr}ng?/TcP n(slﬁstrr:sg)r}rste){p @ah(%%trﬁgtranmstorl channel. The
comptesfife foggitudipd tstrése éncems thamiobilityaef tokve i the tchaneel @ad bénen improves the
perfd?lfnan%é &f'a@c&ﬂanné{%@ldgﬂfé‘cﬂ‘tﬁﬁme in lattice constant of the

vvo j uxt aposed materials creates a stress int he host

rial. The stress induci n? mat eri al _can be

0025 5 o o RGBT e P TR MRHPURED S & lvr of sion
nitrideais i thgpkad e prisitell Oovdyiget i gate Frﬂﬁcmﬁﬁtstr&mde nde the r @bliopsi@lpawin silicon
gern‘apuarﬁ g?gﬁ)élolﬁla?g? I?Jg-fn%r];sye(gﬁ HE?JPOM{EQII{/ l?eti &4 ﬁ)gl’l‘l ¥ asggg & %pr Sﬁl% side wall
spacf /& Rreryipg Heeowadl spagerq?2 @wilvﬁkﬁ@s@ Flchét T h@ogmﬁqduﬂe‘fkem oftsesie all spacer
72 pluk kibe t’vhﬁ‘spﬁ(ﬁﬁﬁﬁ @&feramtab&d $0-80#im. elms_tac'ﬂﬂd Rbeky800iE _QMdnﬁgatched into thin

.. these, na St | a sej ec
sicfplRREH S SRR AR ARTE TR O B PaBa At 52 2 am etch sk
As bpferegitlyer p@l(@oﬂﬂt@m@grge@@pgr fot wlti¢hi reqessesanesttonintendeth gan be masked during
the p$zisnln$ ggpbyaaqﬁtténeﬁ q’a[mf & 5@&%&1& (ﬂ&glll&ﬁ%dilla'i‘he%agrﬁaséchl i continued until the

g to the transi stor channel he co ressi ve

recess ﬁg‘ldﬁﬁﬁ‘a‘?fﬁb}FaS@% 8100 ey bu LS sninatrd befep the racgps 7 BfenprgTIagy frppugh the
thlcldh&'SEOKIha@m&in_I@Wf&emﬂelyh@'ﬁfsﬂmaﬂaﬁeﬁ& peneﬁm mn@aloeﬁf dlicon layer 44
remalliz;lzas‘%g I‘%Q g%lo osf%(l)esrg fs]c eﬁ'u: éljn:n; ?én lllm‘?’lé %crémoer{‘ w19 eer asa nu(:l%:ﬂ{ng layer for the
subs¢quény; grow et b dyess wé'llwnasméfnhlay @rplayfed HElpy. cBﬁ:eﬁu 80ri§ thes el aligned to but

spactd BHKERIm FRRREHMESD MY Q{al}r&ir nigge gat e e! ectrode _
structure and the previously grown silicon germani um

[002%]gglf/gs:llmlgat dllgo dl(?‘nag%’% % wit alanggmerrlt%g Iglg grli,vler};ign recess %O is filled
with@seest indygipg glatsteal\&&I As gpiagess lmcnegmmriau%ﬁt pteebsgutuping fhtéhial 82 can be
any &eud&h@rpl&lpﬁm&rﬁ?ﬂattcm &W%nQKe sﬁx'c&ﬁa))é@lvilth ascﬂ%gﬁ lazge Q)Inéilzﬁxt than the

I 78 pref erabl y ‘about -

latticg cons'aRy of %Ecé?gsprgfﬁraf’lg “ﬁl Sﬁ%*?rﬁ‘d@t“é é“i"rﬁ §e fame s %’ldl‘? %’B‘t‘ﬁ“ in the same
mandefyedtrest Andacioh Satésal 76 gSiass idducids magrial 8 pinrtg, foAys@inpl6Gnonocrystalline
siliccg-nI %@SXX@ uln (§ %@)Cl?agfmg §bogﬁg0 %;utc%nﬁg peQ(?]e{)tzaQ(rj ;eF’ %b%?%ua 2?%% atomic percent
germapifngh TP%%‘@S §€Sbea8f@”fh@ta Si"ﬁlc’éﬁd’@@lm%ﬁaﬁ’ %Séeaﬁet"ﬁlkfé@SSoﬂﬁ)rqnﬁgﬁ preferably
impukrify@iopYd A Bor&t 6 B déPyhgRorRetichidh Mk k¥ 6f ab&ft 1-DRADDERST St

(not illustrated). The plasma etch is continued until

the recess has a depth of at |east about 80-100 nm but

is term nated before the recess extends entirely

t hrough the thickness of thin silicon |ayer 44 to

underlying insulator layer 46. At least a thin portion

of silicon layer 44 remains at the bottom of the

recess. The thin remaining portion will serve as a

nucl eating |layer for the subsequent growth of stress

| ndu0| ng rraterl aI as expl a| ned beI OW. Recess 80 is

o I Y o o, r .
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any pseudonorphic material that can be grown on the
silicon layer with a different lattice constant than
wo b@sloaxisé ce constant of silicon. Preferably tPeT/E5200%620588
i nducing material is the same as and is grown in the
[0023]5 reAfien ia sdlechy ssavtieefSiGayaaieiahty. sidevall ppasers7ig andSt asd gapping layer 60
are slrﬁﬁ@d@ﬂomghem@‘;l&rah MlistBd 2aHG. he, UJlr%rgal@ ¥184les2 and STI 52 as 1on lmplantatlon

nmonocrystal.line silicon r mani
a8 U (PGP S PR B, DY TR ON 7 K SR B end S
regiqd 32 eefrim sg@raamt dﬂamexta'ﬂsensﬁn@Ameﬂm_t g dhnintplantgforms a shalldw impurity
dope§ Vegoh ﬁéagiﬂg sutere%Hﬂg ﬁﬁcgh Qtldgﬂlcdne%ér‘ anitu'n lrtj,giothse %glﬁns%g tél@ nﬂ:gnlat%d circuit

that ere neten by atpiao }Nﬁh bqﬁ@ ’P’ﬁn@‘é“ effthealﬂﬁﬁﬁ poz{noas & theg®pcag pe Fasked with a

patterl{e@92}3)]‘e51@t5f1zIy@:r (ndtNRsteRect i ve growth of SiGe materi al
si dewal | spacers 72 and 78 and capplng | ayer 60

[OOZ%e ’ﬁlli*]%%ﬁgfnfeﬁgﬂ # rf&r gr &er g alluélﬁ %r or other iﬂde szlallGépacer forming
dielectnip materiab (b olusmasik s blaiketr depositadoger auteelcqtrpdeéﬁ bmighd snifage otk STI, thin
snhc(ﬁle%)e? QAQd @R’fet épqglua(l) eg‘idﬂs n "I%lz lfurﬁlglnlagfé'lyo? Isiad %all%pg@r Foﬁgihé) Fhaterial is
Si Ge region to formsource and drain
a“'“é’?["%%‘fé ictshrd- A d"aP]A’ECBY |rFﬁﬁ‘I‘Véri?“ gohingT [pafofmypiraeEntfsisie !l gpacers 86 on
slde\sdnahd a@\pate a&ubdetdz d@medaﬁeeg&lda wall gacerstal@SHBL EAGE usBd astah @n implant
mask to 1r%p(fanp%d%1 orgi}sfF bllaé: %%{lﬁg{lo%nq éon% 161[ e%1:’(%‘)0%%% for Ll Orh%se\%llfo?lﬁns of the IC
that txe ncmtp Teqgivs anyddifipngl P-tyiieempFETions gart bednskeeﬁy 1 h)@r pi@attegngeh photoresist.
Follcpi@ngniﬁeg KR ioNd toh nﬂ%lﬁ}ﬁint)@ iN&eh W%Qhﬁ§ 'ex%ﬁloJe@Mﬁer de@i@@?ecelves a thermal

illustrated). [O illustrated in
annegly prfRably p &Pléir‘he{i?a‘ §’?‘F‘i‘ SHIN e RE a‘d‘r"a‘%‘taﬁé P“ é’PRi"é“%S that have been
perf@pacat ciusds mputndiffidios beddpint impiEtied fioal the NGt ddpkdISIGE &dgival B2 to form a
t tigd over gate electrode 62 and the
Sourésif?g?oa?ggng Qﬁ-ﬂ?@#g@ thin silicon layer and Si Ge
itaxial regions. The further |ayer of side wall
[002§€ actde waspraceiey Serp alse bA uspdsto Spmaelf plispadcsilicids regippsirapactipghe source

reglcﬁXd}Hfﬁ) Iréglob)/andi AEtIbcvBdel 0 fisk &by MProviding feRERAPEIMARNE E various device

regloé:% Rsl.h estrate? Pnalalg:] 2, gi(?aa% d,\gillf(;jigt\é\@oan&m metglo% %;?ut as@ zllyg C%{rcslga?t nickel,

titaniymeot tlgfshkams demqiteidrqytrahq surfgse kf ([hodqvntp stanturead HIG. il bndlle layer of silicide

formﬁlgtlﬁégﬁelslh%drtb tdct%mq wﬁtl‘p ﬁns, uhcﬁl&lﬁ ﬁll%n B%lcapge%mum to form metal
t hose portions of at are not

sicig gty g Lhett Ponde Swrwsgéow e PEAGE Bsffodserespetivey,as
illustreBe kel Gh). Metabijia is nof in paatattevith Siticqaloodil@o e grsdniumi-akh Bwerallocated on
0 I t
STI tS?% @rqglgé kvglﬂg;lacéleés\/%cg&? g@&%a\%}egn%am? ﬁlgbrseﬁ'?a%né rén}ggédaﬂ} wzlsﬁ'mg in a
Hzoﬂr‘é@e‘ﬂé@i%&‘ ©WEed t hermal anneal (RTA). The RTA
activates any ion inplantations that have been

[002pEr flermadregh@ cea;uaeﬁ &btk 78l iviaf EtSHe® rancpa‘halddp@medded SiGe region 76 was

growfnrgg:*'r(jr)]rearteIcsegslsJ 2r3 Cgevgs;neetche(? Idgdfepl)atmgpuglglgﬂ? ?dnemr%:cbcflcg % ngrengnotﬁSﬁrown As

illustBjtadan exaesh Fectgpaclélf5§ 134 8 tha arder] of thesgenethgdsiept eanboremarsseé Infaccordance with

a furﬁlL:r' egmgdjmélltj biGhAfvehRd] BNScorRtl AGth ki mbHBmSPsH tﬁeQn\reﬁg)h %’method for
ion, and gate el ectrode as a first

r
fab“b"f‘&%/i‘ Hﬁ?g”&s@ﬁft ‘|“|"&%§Pm"c‘dﬂt"%fd€ ilugrated dn BIGR; &5t Adlélvﬁl"é%d in FIG. 14, a
layerf of gjileOws!. spaé& foring statecd! €D sudh akh Gyer dPsilican tid@yeis depbsitediin@i thkSstructure
of FIEOE n?“hggi eg%F s%‘co:ﬁrﬂtn?é’lﬁigulmvéa %@lyn%{s onfbo&Q@ % m. ni ckel,
tani u deposited over the surface of
t he devi ce structure of FlI G 11. The |l ayer of suicide
1002 1o plsHEEHD FICs 1héaerddo s airouaRita!y Hebesrigtiam sie el peests 172 on the

edgeb! Bl efecit@e 62.1 $iGONalHacsis |1 72 Qgetiis Wi ISTLISR dnd cippmmagmtsa lare used to
form aH eugh tqgskgnl a.CIECCASCi% is ﬁlgsl;]nt %tgltleﬁ r{? the Tgu?face %?Iam?lll(tf ?ay?r%.r ﬁeecess 174 can

respectlvely, as |IIustrated in FIG 13. Metal that is
not in contact with silicon®r silicon germanium such
as netal | ocated on STI 52 or on side wall spacers 86
does not react and can subsequently be renoved by
washing in a H2O2/ H2SO4 or HNG3/ HCl sol ution. [0026]
In the foregO|ng descrlptlon recess 74 was etched and

I




10

15

20

25

30

35

illustrated in cross section in FIGS. 14-18 the order
of these nethod steps can be reversed in accordance
wowak/ogifiur t her enbodi nent of the invention. |PCT/US2007/020588
accordance with this enbodi ment of the invention the
haveppedep 9f ptopast appit i38-400 11y by iPEEmated (hefare dhet recessrexienls entigely through the
thchH@sQ Bﬁhmﬁﬁcdnlléymﬁ@ﬁrﬁg’lyﬁﬁ iffs hlgﬁ layer 46. A&@eait la |tﬂi|l$§d‘rlﬁ)tn%¢sﬂlcﬂn layer 44
er o orm

re""‘i“fdt %W'ag EQ’F% rRe‘EfFS ‘5 s S&'Bﬂ'gﬁfi%t"t‘ﬁh&é‘ SP*’§""Q%’H£§?‘P &Y ""ec‘“’de 62
and Oningl redier 68 by abickness defendeht@n thé widithe siday@rspetrs $121 | con
nitride should have a thickness of about 20-30 nm

[002&]()021@%3'56‘%74 &l gts gc Iv@y Qo%n ]aﬁ' b@cMg ;;litZ)gal l§yer of stress inducing
7108 o e b S 5

ani sotropl cal pacers
mategip) St"t‘i‘easéé"g@s”éf’f gige @ 'E‘I‘S%%drlég@ 8. Preferghly wmlGeSq@a%%about 10-35

atonﬂcﬂ%rceﬁt @Qﬁﬁlhﬁrf an\dﬁn{oh pﬁ%tab@%orﬁ;ﬁﬁes@&ﬂtpt(ﬁg akoﬂﬁ(cﬁferc@rg g@ﬁl@num Also, the

pl.a
SIOLE BRIy AL AT SRR YT e Rk RBR Tl g om Lavr 176
can Ra emsiofied by adding dorexanpike pibdransfo tht rehogrmsiovaducug th8Epitdx@D gmawih of the
sicPut is termnated before the recess extends entirely
through the thickness of thin S|I|con | ayer 44 to
ying insulator |ayer 46. At |least a thin portion
[0028} S]fqllp%l%thf gi;gfve gmta)i,ug ﬁ@wﬂg)f gnpe ﬂaﬁg l%fxgeo\mllépacgh 2 are removed and
new Kid€ essspadaeoesst&vnilgﬂmlcsnesse&sﬁ than ihe) thekinewsl of Biddowldll spiars @ are formed on

the 51(93 vhaﬁls &f::]%l[n oede %& eglidg QVQI pﬁcersalr'}gI alig'r}gernre]c? ln G‘E eg orr]nagner asy previously

depend
descgm@@p galﬂ_s@@cers[v()@gi}e %g[@gegs W78 &an ke foinjed @ﬂsnhggm mtrlde or other dielectric

matePifll aBE hrefU@hIY haP€ PWcRIQssHR alﬁ)ﬂfoﬁgqﬁd S%'vxtaﬁllﬁaéklrs 1|7§36§p¥pm flayer 60 and STI

52 agtélgq%?ufs eﬁ]é{(‘:? glg%ggq %q{qéreci%es 1%%? ai\s% Fgga{%@/ﬁ]réo té??gwace o layer 176 of SiGe
as illogmapd inFEGE 1A bReatssed 080Prefatblyrhia e apleptic @mbougérnmani um and
nmost preferably conprises about 20-35 atomc percent

[0036]er “ﬁééés SOA‘Lé Qﬂ]cdttﬂ sgl@:t%y gﬁ)wm:g %tl %rn@éﬁliéﬁ tp”ax?h'l t ?er og undoped stress

mpur i t oron"to a concentration o
mdug_mggmg{erm%/}sggl 3 mlager lEZacgféfGefy Blugtgigd 1G85 Pretgraply ﬁ@élq?ycompnses about
10-38.Ad@mitCpercéd ger@Xrimp hi@l, mékt profe@nle c@rﬂ)rf&dﬁ Qbdue 2E BAEmiE Iperdént germanium.

The #no(#t)‘)erclg‘mée 1S Eeﬁf%hén%{l( IOQ{l %[e eYe\'E:tlro,[d%l il(nd E{T m c se%%xi&oigfotéﬁééanqs é){/ g},annel 68.
Furthe7 processing ef REET|1 4G peccads i ﬂr‘ﬁ@nm@nm ewﬁnweuecbm HIGselW-1Si de
wal | spacers 178 having a thickness |ess than the

[ooslihl CHBESR-filgiAE inebls sSdiBk Ghcthod &) Sps%ﬁfa&%&@% Qx@ss&J‘ﬁFET 240 in

s of gate el ctrode acers
oot T PRI GBS PTG Do MUY PREUET g2g mvenion
a sressead PFRAR40 is frbidmted inAlk subjjodipg webstratesypacitica ob Tigulewn(SOB semiconductor

. AP .
substr L R oo lof FbiRBid' Pzt 08 REinOUihSho Vil REHTABIRLREA 202, As

preferably have ness of abc _ )
'"usmq in E} 4@ sgmiqopguctog Q’ﬁfzﬁat‘?gz“? igludes @ GhimpiFosiyer34 gyedlyipg aginsulator
layela$46aﬁat it Glitn, N Brikiesad) Bhosol@bth Iy SIRGESHGte 1RO BiIRoPIadE PB4 and silicon
substrzitff %@?can t%thérRﬁE? ur(fl %)g%ry ell(%n%?oglgr{ct’au]j%ut ref?rabgg%fimn I11aéer 244 is (100)
crysteips driewsition s slicapDsubsate REDS (oq10Rmcs@§nsesnem®narr@efmqbuws greater i

sxllcchlyof 3 ﬂbﬁ&teht!ﬁ%'n Yhaf) ﬁrpél“cﬂrgoﬂﬁ]OO? ngﬁiﬁldan@ lecttr@?ﬂ tn@ll)lhtkf asytﬁé‘ opfpbsite, being

S | nducl ng.ater Such as a
wesn g oS0 Pt o DsErippe el § Yol Gnetsoion

252 oo fpmddSe e tidciliconllByeBind ateterably eprendaiamigh ghe thigkndssiof laai244 to insulator
246."HR %Tlpc.'ér?ﬁe%rﬁﬁé ¥ ul gtmrrﬁcfﬁx?é 2 MM eq ?ﬂf&éﬁ AL, d;‘? oxPc?fﬁ:E@ nt

ger nani um e undope I's self aligne

ate electrode and is in close proximty to the end

[003 chatipupted i Fig 70 AETCEH ot é§§f“i‘i‘g‘h’6?ghp’fﬂE‘1’f Tﬂé%%‘&‘éé’tﬂ% through
insuletor ayee 2€aexposi@rtioa 356 ofl stisdnr sabseale 248. FA Gier ofl Phttdrded photoresist (not
. I S ' SS i.0
s BP0 s of ek WOLCHR! B cleRba SRS BB ' Sftsed PFET can be

accordance with a further enmbodi nent of the invention.

In accordance with this enbodi nent of the i nvention a

stressed PFET 240 is fabricated in the supporting

substrate of a silicon on insulator (SO)

sem conductor substrate The et hod for fabrl cating

P pe—— s~ A PN o o L .
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| ayer 246 that, in turn, overlies a nonocrystalline

silicon substrate 248. Silicon |ayer 244 and silicon
wGaessrase 248 can be either (100) or ( 110) PCT/US2007/020588

crystalline orientation, but preferably silicon |ayer
fabripafedl i expfstdPytiar2y& inatdoidanse with ®methadi sowilagia chakillpsirate pbove in FIGS. 2-13

Ff(ﬁgosla-ﬁ@t@ns%ﬁ@erﬁlﬁ’e &) sll@tQI)/elf ?M)Slt aﬁl épltzﬁﬁl %éoﬁﬁ&y@g ﬁﬁr]ﬁlhrlélql:c%ss 254 as
in silicon of ) orientatio

lllustquxﬁgﬁn flﬁ %‘I |theway61f 25@ i@d’f setlﬁcﬁlngtgthwn ﬁtegwa@kéwnrt%ﬁose of skill in the
art uﬁiﬁé)exbd)sbqlpdrtﬁmnbﬁto Qmm&lrﬁoﬂocr)bﬁlhﬁggrgmﬁ aiving thel3arfid drys@aife Gdentation as

snhcén subs)r%te %4{86 Efllat Ire%gsg %gglag Iegxﬁi%lrlll Slili%OIi prroevhdg§1a slug% n? zilliy glr'c]maé él)éface 260 for
subsmuem fabrigatieh of rtraltSh@rStlh path the epiawial siliagneand amitie ysmeifider afbdiligon layer 244.
Slhcgﬁ(ta%ﬂ P54 @ﬁ&%l} Bebtfnel Qr'x Q)Kéﬁﬁﬁoioﬁlcl)@YL@Etra%%St@vxhgﬁglsﬁﬁeo&ystallme

The STI can be formed in the same mann
orieEE PTG S 410 CPHEHGLER LTIt oTaeEs (510 P or st
exteri®n hlldws g fabti@don di a FFER thil @,a hgbridetatsio?tedsiitd (BOTHAMHOT device takes
0 € ro
oS 5.8 DB 5 DHRIS IS LA H0 DT S s e
fabripadeg in the [thigy @hcogﬂaygdlp‘fly zh@ a0 Igry@tplbqaeggk@gtlo(l frowhich electrons have relatively
highinfobitigt r at ed) can be used as an etch mask to define the
et ched area. Although a stressed PFET can befabricated
e ' n _accordapce wWth
[003gfm /Fsp 1ﬁus{r%te IH E{d??ll{lj g(‘tc?rgztn%e \51 0«? émp%ilr?_elnt% thezangnoB,r dP channel HOT
290 Flf<BBrated 4n sli@on layer R38. (FHQHT 290 adwl be fabocage ireavtardaadeywith thewmegnad illustrated
in FI%@' s %r §1| ac&Haﬁc@ Q/ﬂh {hé‘}ﬁglﬁodaﬁlﬁtrfftédl 1J1 h@g 1488 eﬁéT %&f‘im%%es a layer of gate
illustrated in [1Tcon [ayer 258 can
insulgigy 2y R yleﬁﬁow%fymteé R rﬁ'recﬁatssmﬁ:eh@m ‘théi‘“F'rfé%@ %%7 underlying gate
electfdde 246, 4 firsttelBedaddt unﬂtﬁ;bd@ntﬁ@ﬁﬁ(ﬁﬁi g@ﬂiﬂidnﬂl@yegﬁﬁ g‘dl\mﬁrUﬂe&@J 30, and a
secorr;g) lpngurfrt%? fpgcln al_)éagdg(? plltgxdarl] snh ay! n tn'?n? Eﬁ% %%ﬁ%fr%ﬁ ﬁlba sre%ocglg Legess 304. In
addltiUMn wicpridanepivitheadiuser csmbbqhmgn omeovvedtem astresstd PFER 2922tk e fabricated in

thin Eﬁh@)ﬂ azryelsmfnaﬁ&oraﬁlge f)v@f th§ H'Qﬁ&ﬂfﬂ%‘ﬁﬁteg ﬁ\hfIG§®tf3cH? upficcordance with the
ansistors in ilicon and in

t he
methl"% Hﬂftﬁﬁg pn EIPSSH 180 oIH aFdétﬂpé’r a“ﬁ%‘éh “§| ‘]"fSE?SW P‘ﬂ?é’lﬂiﬁ%@d NFETs, cither

stresgfl foe odni suessed, {36 do fbscagn iretiheaiisénOiayen P44sis Inbce R4ty sllinplemardt ehe desired
m&é%%%wmﬁﬁ“k&%nthe same crystalline orientation and
ferab y a ( 110) crystalline silicon orientation.
1 10) substrate or substrate extension
l003éﬂ| | o\)(g"et ﬁeleafsamq EXMPBE gypbodiment thps tbeenr presgnted fify Biej fgregoing detailed
descﬁ);ftdoﬁ’, it sBdul doy abp’r&ﬂt&ﬂ SHaOd vaftiGhier ofValiftiinsdivil € €nolird K]@(Sbe apprecnated that
rr]t % é)dlgﬁnt aor %ee %g?nqt?qurle?ts ar, gr‘ﬂmxapgl¥ﬁ\|%r%[|a§alg)} gntended to limit the
SCOP¢ am*lpétbzitmelr dopfiguiaontofi the ing¢nitipreio anyl way e Ratheathenfigregoin(gld@@i)ed description

will Srf)\\{&ettﬁdsé éknﬁd Qrtﬂeelﬂt\@h h @Jﬁvénﬁnmdmp & ﬁﬁflelrngﬁfn lﬂt@\égemp]ary embodiment
re ustratea 1 n

| ati vel
or exepplary Z?bOd?/’?F"‘aic&‘dp"g‘éﬂ‘%é‘“ S{"hg g’i’f TS Elapgsh £an BF magfein the function and
arranigenweNbfi edaments withanh dapirehg frDT the 3@ pe of thalnventiort estsei forth in the appended
- Sl 290 can be fabricated in
Cmm%é%gg %%LgMﬁﬁ?ﬁgﬁﬂ rﬁgthod illustrated in FIGS. 2-13
or in accordance with the nethod illustrated in FIGS.
14-18. HOT 290 includes a | ayer of gate insulator 294,
a gate electrode 296 fornmed on the gate insulator, a
channel region 297 underlying gate el ectrode 296, a
first enbedded undoped epitaxial silicon gernmani um
| ayer 298 grown in a recess 300, and a second inpurity
doped enbedded epitaxial silicon germanium|ayer 302
formed in a second recess 304. In addition, in
accordance with a further enbodi nent of the invention,
a stressed PFET 292 can be fabricated in thin silicon
| ayer 244 in accordance with the nmethod illustrated in
FIGS. 2-13 or in accordance &ith the method
illustrated in FIGS. 14-18. In addition, although not
illustrated, other PFETs and NFETs, either stressed or
non stressed, can be fabricated in thin silicon |ayer
244 as necessary to |nplenent the deS|red |ntegrated

~NnSs AT oy

the exem zf‘
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the exenpl ary enbodi nent or exenplary enbodi nents are
only exanples, and are not intended to limt the
W@ eepo421appl i cability, or configuration of thePCT/US2007/020588
invention in any way. Rather, the foregoing detail ed
description will provide tHddMSskilled in the art with
a convenient road map for inplenenting the exenplary
whaeRbRgheBNt or exenplary enbodi nents. It should be
under st ood that vari ous changes can be nade in the

function, and ment el enents wi t hout departing

from-t he SESH! ‘%$%@58“Pﬁw@ﬁWC%W”3§gset forth in the

appended clains and the | egal equival ents

t her eglicoCupdtvE(4hat is clained is: 1. A stressed field

effect transistor [40] conprising: a silicon substrate

[44], gatk ik @b Sr ['Sﬂ%wr@fhgfhe Likéh s@l’tﬁtel ying the silicon

substrate; a gate éelectrode [62] overlying the gate

insulator; a channel region [68] in the silicon

subsi?&P@“&ﬂﬁ@?“??ﬁ@gﬂﬁémﬁﬁf ‘% ectrode; a first

enbedded silicon germaniumregion [76] having a first

t hi ckehesisl regimt[€8¢ tni tiegilicdraulshanmdtbrlying gie @me elevrodea second

enbedded silicon germani umregion [82] having a second

thic

apar t ol et Bfhub Hgioh 6Pl b S0 o AR i hanne
regigef dct transi stor of cIa|n11 wherein the first

enbedded silicon germani umregion [ 76] conprises an

u nd o;pedme prhtieaded silidoy gemmiin legiyrel82]dhvirial s&ﬁﬁﬂ‘lh@l&nﬁsﬁ‘@ﬁht&ﬁhan the first
thicka: Ssan e asctc{] sfeoqn&e eld effect transistor of claim?2

mﬁ i'h the second enmpedded silicon ger mani um r egi on

[82] conprises an inpurity doFed epitaxially grown

| ay e? oflhg ptfepsgq)ﬁpl%ﬁempﬂsgm of glaimp] yhepeingbe firgs embedded silicon germanium
regidn@ Y] biphibed B dhded Qﬁ@@mr Fﬂo% Ay@bf @kbn defriidinst or [ 40]

including a nonocrystalline silicon substrate [ 44],

pattbr i G PERFerBRl iRy SBT wieri 6 Ficb e & sicon

germpyiem regjon (821 de@psses zindmwrimﬂomdreataelal!ymrcwmrlm@f giidoe germanium.
el ectrode [62], the gate el ectrode defining a channe

region [.@ﬁl{hddr?ortfﬁﬁca%hé d &x@ﬁed&i&ﬁ%ﬁ&@&ﬁls&&qﬁf] linYl'u(ﬂQg atrmfr‘nocrystallme
gate el ectrode; depositing a first layer of spacer

S””Wﬁ“ﬁ?ﬁ@“ﬁh@%PﬁﬁWCPW@fméwéﬁﬁVPﬁg the gate el ectrode;
ani sotropically etching the first layer to forma
f i r sdepsitidgaelphtiesipg @ dayer[of @ ycoystaltitessil gt [68) @ elging thelglicon substrate to
t.chi t ' e
formea ggl@, e@cgﬁ@e [%i] tﬁé gafe%%taﬁ)g%iezg]ﬁ%i (th]gxel r&%n%&l] Inq%leE%B%ang% n
‘m*@fﬁh‘ﬁﬁs%*”@ﬁFtaX|alIy growing a first enbedded
silicon germaniumlayer [76] in the first recess;
f or niep@itiag SM6er o spdanrkhing paaar (7)) 68drlyMg thk Bae élécrrsde;
sidewal | spacer; etching a second recess [80] into the
sili n
sec Oﬁlgglm%gg&a[ ﬁiﬁ@héé@#g?%g@@ E)Hg gkughs?de\%aq &5%%:% [gth% F!a?e electrode;
growi ng a second enbedded silicon germani um | ayer [82]
i n tRAINgEEHEcessd ¢B %0 thesyiligor Ypsimta gsing) tepte lecodecn the tideavall spacer
as af 4A,matk(, 98] to the gate electrode and to the second
enbedded silicon

epitaxially growing a first embedded silicon germanium layer [76] in the first recess;
forming a second sidewall spacer [78] on the first sidewall spacer;

etching a second recess {80] into the silicon substrate using the gate electrode and the second

sidewall spacer as an etch mask;
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germani um |l ayer. 5. The nmethod of claim4 wherein the
step of epitaxially growing a first enbedded silicon
w@eoosmmiwm | ayer [76] conprises the step of epPCEHKBZNNT/20588
growi ng a first undoped enbedded silicon gernmani um
| ay espitziipdly sbeing i secqnd emielded sitifonggrimpmiven laydr {B2tyin theiseropdgecess; and
second enbedded silicon germani um |l ayer [82] conprises
t he %Inﬂ% REtriBP bdndis Bk 9F, BY ©'MHe BEle ALurbATRKY tb th¥ sOR@Mbedded silicon
enbe?ﬂgll silicon germaniumlayer. 6. The nethod of
ECTMEMYT Y wherein the step of epitaxially growing a
first enbedded silicon germanium | ayer [76] conprises
t he %t eprhefmetbqi of alximall Whyregnie\wiemof epitakiallsgrovangxefitel@sibedded silicon

gerrrgli]iluj_nl_ Eag.!}r@ﬁﬁﬂégg m&:: %t%%’o?ngpétgﬁﬂlg?g)%&? ﬁgpg}dg%ﬁl g\'p%hdeﬁ ?19&09 Eermanium

laye@igfl Wherginihe S;epg)lf W)m-bly growing a prgond smbederd gilieqn| gergpjum layer [82) comprises

the sG8 6BRIxXIANY £rayigd anliBBlrityCRPaAlcmBRBedlsIiConSb@Ranioh 1981 t axi al |y
growi ng an enbedded silicon germani um | ayer spaced

apart fromthe annel region. 8.. The nethod.of claim,.

3" wher o1 T PSS SRR he oty g PP es it ool Ricon
germapiba dholer d763 ¢dnipossm thg eeprod pitarially goeving [a 7i6] entbedded sikies gdrhanium layer
contsttifiPnOdhaftBirdo%i @l 1y growing a first enbedded silicon

germani um | ayer having a first thickness and wherein

the step_of epitaxially growi ng a second enbedded N

si | i Con e mAB o Arimdyiereingis step of ppifarialbere e aseqopd gpbedded silicon
gern@filih duyér 82l yonpri@wihe gepaof sgaadlg g dtl@tbeddell 5ilidR germanium layer

' r .having a second thickness greater than
Spacgﬁarggwdr"g@ith [ glkre éogl's. 9. A nethod for fabricating a
stressed field effect transistor [40, 140] conprising

t he %t egde pethodfobelpimrgrhareigiteiseref cpifrxialhsane ving firs ipbeddegsiéicon
gernfafhidth 1.GQ SN Ectiph@s @e i@ pit@fiall§ iglower@ A filsfdlbe@Rd AlicoRYehanftin layer
b Ny nsful tgr %4815“% silicon substrate %%S#b forming a .

VI B BT "‘[‘%‘21’?“"' URPEF FRIPYIGY 1981 A §FAPdGToadfiqd;sligqy: bermanium
layerd B3] tcamiriads Ithe stgw afwspingially grawisgta senootbqpebeldded dilicongergiumelayietinving a

secolmat}{i@l(neisZx@aterllﬁglheﬁﬂptﬁigﬂl@g. into the S! i c_on l ayer a_nd
aligned wth the gate electrode; epitaxially grow ng a

second i npurity doped silicon germanium|ayer [82,

176]° entfetitid f9ridpcafipie? supiddig Sifesl ensigardiOs [fQLoepayg e steps of
fromthe gate electrode. 10. The nethod of claim?9

wher feiningtahy@iceitos insdétoraphistra(d 2l cbiyprying wapkg osilfcort [84] on a layer of

insullallgld[Q@%?a Silidoh &%Hraflﬁlﬁani um | ayer [182] conprises the

step of epitaxially growing a first undoped silicon
germani_ um | ayer enbedded into the silicon |ayer and
i nt ooEingSERE BlECtgde [PH aveslyinptiellayenplipticeny doped sili con
germani um | ayer [176].

epitaxially growing a first undoped silicon germanium layer [76, 182] embedded into the silicon

layer and aligned with the gate electrode;

epitaxially growing a second impurity doped silicon germanium layer [82, 176] embedded into the

silicon layer and spaced apart from the gate electrode.

10.  The method of claim 9 wherein the step of epitaxially growing a first undoped silicon
germanium layer [182] comprises the step of epitaxially growing a first undoped silicon germanium layer
embedded into the silicon layer and into a portion of the second impurity doped silicon germanium layer
[176].

10



